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(57) ABSTRACT 
An image processing apparatus includes a reduced image 
generating part generating a reduced image having a lower 
resolution than that of an original digital image. A first 
extracting part distinctly extracts a first foreground image 
and a first background image from the reduced image. A first 
continuous tone converting part converts, into a continuous 

(22) Filed: Mar. 18, 2003 tone, a halftone dot pattern of the first background image 
extracted from the reduced image. A combining part com 
bines the first background image of which halftone dot 

(30) Foreign Application Priority Data pattern is converted into the continuous tone and an image 
based on the first foreground image extracted by the first 

Mar. 22, 2002 (JP)...................................... 2002-081361 extracting part. 
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FIG.7B 
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IMAGE PROCESSINGAPPARATUS, IMAGE 
PROCESSING PROGRAM AND STORAGE 
MEDIUM STORING THE PROGRAM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to image 
forming apparatuses, image processing programs interpreted 
and executed by a computer provided in the image forming 
apparatus, and Storage media Storing the image processing 
programs, and more particularly to a technique of improving 
granularity and moiré phenomenon of an output image when 
outputting, from an image output apparatus Such as a printer, 
a digital image obtained by inputting a printed document to 
an image reading apparatus Such as a Scanner, for example. 
0003 2. Description of the Related Art 
0004 For example, in a case where a digital image, 
which is obtained by inputting a printed document to an 
image reading apparatus Such as a Scanner, is displayed on 
a display or output from an image output apparatuS Such as 
a printer, when no process is performed on the digital image 
or if performed, only image processing not relating to the 
image quality, Such as Scaling and rotation, is performed, 
there is a possibility that degradation of a reproduced image 
occurS Such as occurrence of moiré phenomena and degra 
dation of granularity. 
0005. When a halftone area of the printed document is 
formed with a dot pattern generated through applying 
Screening (such as the dither method), the error diffusion 
method or the like, the above-described phenomena occur 
due to lack of consistency between Such image processing 
and the image processing Such as a halftone process per 
formed in the image output apparatus, a printer, for example. 
0006. In order to improve the image quality by avoiding 
Such problems of image degradation, the halftone area 
expressed with the dot pattern should be converted into 
continuous tone expression. Such process for improving the 
image quality is conventionally embedded in an image 
apparatus Such as a digital multi-functional apparatus. How 
ever, it should be noted that important edges, graphics Such 
as letters and line work, and the like must not be gradated. 
0007 AS for related prior art, there are Japanese Laid 
Open Patent Applications No. 6-62230, No. 10-208038, No. 
11-41469, and No. 2001-211327. 
0008 Japanese Laid-Open Patent Applications No. 
6-62230 and No. 10-208038 disclose techniques of separat 
ing a letter area and an image area, and performing a linear 
filter process having a different frequency characteristic for 
each pixel according to the image characteristics Surround 
ing the pixel, thereby converting the halftone area into 
continuous tone expression. 
0009 Additionally, in Japanese Laid-Open Patent Appli 
cations No. 11-41469 and No. 2001-211327, methods of 
using the wavelet transform are devised. 
0.010 However, with the recent growing popularity of 
network environments, a digital image input through an 
image reading apparatus is Sent to a distant place via a 
network, and a recipient edits/reuseS/prints out/resends the 
image input through the unknown image reading apparatus 
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on a personal computer, for example. In Such a network 
environment, new technical problems that did not exist in 
the past arise. 
0011 Further, it should be noted that the techniques 
disclosed in the above-described Japanese Laid-Open Patent 
Applications No. 6-62230, No. 10-208038, No. 11-41469, 
and No. 2001-211327 fail to consider Such a network 
environment. 

0012. The technical problems arising in the network 
environment are as follows. 

0013 (1) To achieve a practical processing speed even in 
a case where an image input through an unknown image 
reading apparatus is edited/reused/printed out/resent by a 
personal computer, for example, and the functions for 
improving granularity and moiré phenomena of the output 
image are realized by Software that is installed in or inter 
preted by a personal computer. 

0014. In the network environment, an image input at a 
distant place and Sent via a network is Subjected to an image 
quality improving proceSS on the personal computer and 
then often saved as a file, output by a printer, and even Sent 
via the network. In this case, when Such functions are 
realized by Software that is installed in or interpreted by the 
personal computer, it is difficult to achieve a practical 
processing Speed. For example, when the above-described 
linear filter and wavelet transform are realized by software 
and applied to an A4 size full-color document image, the 
computation time becomes impractical as the resolution is 
increased. 

0015 Therefore, it is desirable that a practical processing 
speed be achieved even when the functions described above 
are realized by Software. 

0016 (2) To attenuate the difference in the characteristics 
between an image processing apparatus on a Sender's Side of 
an image and an image processing apparatus on a recipient's 
Side of the image. 
0017. In a stand-alone image processing apparatus, image 
processing algorithms and parameters are often designed 
according to the characteristics of the apparatus. However, 
an image processing System optimized for a specific model 
does not always exert the effect on models having different 
characteristics. In the network environment, image proceSS 
ing apparatuses, image input apparatuses Such as a Scanner 
in particular, possess various characteristics. Further, when 
an image is sent from a distant place, the characteristics may 
even be unknown. Therefore, in a case where an image input 
by an image input apparatus on the Sender's Side of the 
image and including correction information depending on 
the characteristics of the image input apparatus is Subjected 
to a reproduction process by an image processing apparatus 
that is on the recipient's Side of the image and possesses 
different characteristics from those of the Sender's side 
image input apparatus, or where the reproduction process is 
performed on an image including unknown correction infor 
mation, the image quality to be reproduced may be signifi 
cantly degraded, which may result in degradation of the 
granularity and occurrence of moiré phenomena of the 
output image. 

0018. Accordingly, even in Such a case where an image 
input by an image input apparatus on the Sender's Side of the 
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image and including correction information depending on 
the characteristics of the image input apparatus is Subjected 
to a reproduction process by an image processing apparatus 
that is on the recipient's Side of the image and possesses 
different characteristics from those of the Sender's side 
image input apparatus, or where the reproduction proceSS is 
performed on an image including unknown correction infor 
mation, it is desired to easily apply an image quality 
improving process that improves the granularity and moiré 
phenomena of an output image So as to obtain a Satisfactory 
image quality. 

0019 (3) To realize image reproduction with a good 
image quality on the recipient's Side of the image without 
depending on details (types, kinds) of a halftone processing 
method performed on the-Sender's Side of the image. 
0020 When the method of the halftone process generat 
ing the dot pattern and the parameters (threshold value 
matrix of dither, filter factors of error diffusion, Screen 
angles, dot cycles and the like) are recognized, it is possible 
to use the method Specialized therefor when performing the 
image reproduction proceSS in an image processing appara 
tus. However, in a case where targets are document images 
printed using unknown processes Such as printed books, 
magazines and newspapers, when the Sensitivity for high 
frequency of the image input apparatus is not adequate or the 
resolution is low, there is a possibility that the features of the 
halftone pattern cannot be extracted. 
0021 Accordingly, it is desired to realize image repro 
duction with a good image quality by improving the granu 
larity and moiré phenomena of the output image on the 
recipient's Side of the image irrespective of a processing 
method used in the halftone processing method of the image 
input by the image input apparatus on the Sender's Side of 
the image. 

SUMMARY OF THE INVENTION 

0022. It is a general object of the present invention to 
provide an improved and useful image forming apparatus, 
image processing program, and Storage medium Storing the 
image processing program in which the above-mentioned 
problems are eliminated. 
0023. It is another and more specific object of the present 
invention to achieve a practical processing Speed even when 
the functions for editing/reusing/printing out/re-Sending, by 
a personal computer, for example, an output image input 
through an unknown image reading apparatus and improv 
ing granularity and moiré phenomenon of an output image 
are realized in Software. 

0024. It is still another object of the present invention to 
easily apply an image quality improving proceSS improving 
granularity and moiré phenomena of the output image So as 
to obtain a Satisfactory image quality even in a case where 
an image input by an image input apparatus on a Sender's 
Side of the image and including correction information 
depending on the characteristics of the image input appara 
tus is Subjected to a reproduction process by an image 
processing apparatus that is on a recipient's Side of the 
image and possesses different characteristics from those of 
the Sender's Side image input apparatus, or where the 
reproduction proceSS is performed on an image including 
unknown correction information. 
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0025. It is a further object of the present invention to 
realize image reproduction with a good image quality by 
improving the granularity and moiré phenomena of the 
output image on the recipient's Side of the image irrespec 
tive of the processing method used in a halftone processing 
method of the image input by the image input apparatus on 
the Sender's Side of the image. 
0026. In order to achieve the above-mentioned objects, 
according to one aspect of the present invention, there is 
provided an image processing apparatus, including: a 
reduced image generating part generating a reduced image 
having a lower resolution than that of an original image, the 
original image being a digital image; a first extracting part 
distinctly extracting a first foreground image and a first 
background image from the reduced image; a first continu 
oustone converting part-converting, into a continuous tone, 
a halftone dot pattern of the first background image 
extracted from the reduced image, and a combining part 
combining the first background image of which halftone dot 
pattern is converted into a continuous tone by a first con 
tinuous tone converting part and an image based on the first 
foreground image extracted by the first extracting part. 
0027. It should be noted that the “image based on the first 
foreground image extracted by the first extracting part may 
be the first foreground image extracted by the first extracting 
part or an image in an area of the original image which area 
corresponds to the extracted image. 
0028. Accordingly, a process of distinctly extracting the 
foreground image and the background image is performed 
on the reduced image, and the background image extracted 
from the reduced image is Subjected to a process of con 
Verting the halftone dot pattern of the background image into 
a continuous tone. Then, the image of which halftone dot 
pattern is converted into a continuous tone and the image 
based on the foreground image extracted from the reduced 
image are combined. Hence, the present invention includes 
the following advantages. 
0029 (1) The greater part of the background image of 
which halftone dot pattern is converted into a continuous 
tone is the image that is extracted from the reduced image. 
Hence, in a case where the functions for improving the 
granularity and moiré phenomena of an output image are 
realized by Software, it is possible to achieve a practical 
processing Speed. 

0030 (2) The greater part of the background image of 
which halftone dot pattern is converted into the continuous 
tone is the image extracted from the reduced image. Thus, 
traces of various image processing included in the original 
image become inconspicuous. Hence, even in a case where 
an image that is input by an image input apparatus on a 
Sender's Side of the image and includes correction informa 
tion depending on the characteristics of the image input 
apparatus, is Subjected to a reproduction process by an 
image output apparatus on a recipient's Side of the image 
and having the characteristics different from those of the 
image input apparatus on the Sender's Side, or a case where 
the reproduction process is performed on an image including 
unknown correction information, it is possible to easily 
apply the image quality improving process that improves the 
granularity and moiré phenomena of the output image. 
Accordingly, it is possible to obtain Satisfactory image 
quality. 
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0031 (3) The greater part of the background image of 
which halftone dot pattern is converted into the continuous 
tone is the image extracted from the reduced image. Thus, 
the traces of the various image processing included in the 
original image become inconspicuous. Hence, irrespective 
of a processing method used in the halftone processing 
method of the image input by the image input apparatus on 
the Sender's Side of the image, without depending on the 
processing method, it is possible to realize, by the image 
output apparatus on the recipient's Side of the image, the 
image reproduction with a good image quality where the 
granularity and moiré phenomena of the output image are 
improved. 

0032. Additionally, in the image processing apparatus 
according to the present invention, the first continuous tone 
converting part may include: a window Setting part Setting a 
window having a predetermined size to the extracted first 
background image; and a converting part Setting an average 
value of color in each window to the pixels in the window 
and thereby converting the halftone dot pattern into a 
continuous tone. 

0.033 Accordingly, the window is set to an image, and the 
average value of color in the window is Set to the pixels in 
the window. Hence, irrespective of image improving infor 
mation included in the original image, it is possible to 
Significantly improve the result of the image quality improv 
ing process that improves the granularity and moiré phe 
nomena of the output image. 

0034. In addition, the converting part may set a first run 
Segmenting a line along a first direction in the window So as 
to obtain an average value of color for each first run, Set a 
Second run Segmenting a line along a Second direction 
orthogonal to the first direction in the window So as to obtain 
an average value of color for each Second run, and thereby 
obtain the average value of color in the window. 
0035. Accordingly, it is possible to obtain the average 
value of color in the window based on the average value of 
color of each run that Segmentizes the lines in the vertical 
and horizontal directions, for example. Hence, it is possible 
to obtain the average value of color in the window with a 
good accuracy. Thus, it is possible to perform the image 
reproduction with a good image quality. 

0.036 Further, the first continuous tone converting part 
may include: an edge detecting part detecting an edge from 
the first background image Subjected to a continuous tone 
conversion process of converting the halftone dot pattern of 
the extracted first background image into a continuous tone; 
a comparing and determining part comparing the detected 
edge with an edge of the first background image before the 
continuous tone conversion process and determining 
whether or not the detected edge exists in the first back 
ground image before the continuous tone conversion pro 
ceSS, and a re-converting part performing the continuous 
tone conversion proceSS again on Surroundings of the 
detected edge when, as a result of the comparison and 
determination, it is determined that the detected edge does 
not exist in the first background image before the continuous 
tone conversion process. 
0037. In the process of setting the window to an image 
and Setting the average value of color in the window to the 
pixels in the window, there is a possibility that the average 
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value of color of a window and that of the adjacent window 
are far different, and an edge that does not exist in the image 
before the continuous tone conversion proceSS is generated 
in the image on which the continuous tone conversion 
process is performed. Thus, in the present invention, when 
the edge that does not exist in the image before the con 
tinuous tone conversion proceSS is found in the image on 
which the continuous tone conversion process is performed, 
the continuous tone conversion process is performed again 
on the Surroundings of the detected edge, and thereby the 
image on which the continuous tone conversion proceSS is 
performed is approximated to the image before the continu 
oustone conversion process. Thus, it is possible to perform 
the image reproduction with a good image quality. 
0038. Additionally, the comparing and determining part 
may, for each pixel, obtain the difference between an edge 
Strength of the background image before the continuous tone 
conversion process and an edge Strength calculated by the 
edge detecting part through Subtracting the edge Strength of 
the background image from the calculated edge Strength 
and, when the difference is equal to or more than a prede 
termined threshold value, the comparing and determining 
part may determine that the detected edge does not exist in 
the first background image before the continuous tone 
conversion process. 

0039. By using such a determination method, it is easily 
determined whether or not the edge that does not exist in the 
image before the continuous tone conversion process exists 
in the image on which the continuous tone conversion 
process is performed. 

0040. In addition, the re-converting part may set the size 
of the window set by the window setting part Smaller than 
the size in the previous continuous tone conversion process 
Accordingly, when performing the continuous tone conver 
Sion process again, it is possible to make the average value 
of the color of a window and that of the adjacent window 
close to each other. Thus, the continuity of pixels defined as 
the average values of the different windows is maintained. 
Hence, it is possible to perform the image reproduction with 
a good image quality. 

0041. In the image processing apparatus according to the 
present invention, the first foreground image and the first 
background image may be distinctly extracted by the first 
extracting part through performing extraction of an edge, 
binarization, or the combination of the extraction of the edge 
and the binarization on the reduced image. 
0042. Accordingly, it is possible to ensure the effects of 
the image processing apparatus of the present invention. 
0043. The image processing apparatus according to the 
present invention may further include: a Second extracting 
part distinctly extracting a Second foreground image and a 
Second background image from an area of the original 
image, the area corresponding to the first foreground image 
extracted from the reduced image, and a Second continuous 
tone converting part converting, into a continuous tone, a 
halftone dot pattern of the Second background image 
extracted from the area of the original image, wherein the 
combining part combines the first background image of 
which halftone dot pattern is converted into the continuous 
tone by the first continuous tone converting part, the Second 
foreground image extracted by the Second extracting part, 
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and the Second background image of which halftone dot 
pattern is converted into the continuous tone by the Second 
continuous tone converting part. 
0044 Accordingly, with respect to the first foreground 
image extracted from the reduced image, a process of 
distinctly extracting a Second foreground image and a Sec 
ond background image from the original image is further 
performed. Thus, a more accurate distinction between the 
foreground image and the background image is made. 
0.045. Additionally, in the image processing apparatus 
according to the present invention, at least one of the first 
and Second continuous tone converting parts may include: a 
window Setting part Setting a window having a predeter 
mined size to one of the extracted first and Second back 
ground images, and a converting part Setting an average 
value of color in each window to the pixels in the window 
and thereby converting the halftone dot pattern into a 
continuous tone. 

0.046 Accordingly, the window is set to an image, and the 
average value of a color in the window is Set to the pixels in 
the window. Hence, irrespective of the image improving 
information included in the original image, it is possible to 
Significantly improve the result of-the image quality improv 
ing process that improves the granularity and moiré phe 
nomena of the output image. 
0047. In addition, the above-described converting part 
may set a first run Segmenting a line along a first direction 
in the window So as to obtain an average value of color for 
each first run, set a second run segmenting a line along a 
Second direction orthogonal to the first direction in the 
window So as to obtain an average value of color for each 
Second run, and thereby obtain the average value of color in 
the window. 

0.048. Accordingly, it is possible to obtain the average 
value of color in the window based on the average value of 
color of each run that Segments the lines in the vertical and 
horizontal directions, for example. Hence, it is possible to 
obtain the average value of color in the window with a good 
accuracy. 

0049 Further, in the image processing apparatus accord 
ing to the present invention, at least one of the first and 
Second continuous tone converting parts may include: an 
edge detecting part detecting an edge from the correspond 
ing one of the first and Second background images Subjected 
to a continuous tone conversion process of converting the 
halftone dot pattern of the one of the extracted first and 
Second background images into the continuous tone; a 
comparing and determining part comparing the detected 
edge with an edge of the one of the first and Second 
background images before the continuous tone conversion 
proceSS and determines whether or not the detected edge 
exists in the one of the first and Second background images 
before the continuous tone conversion process, and a re 
converting part performing the continuous tone conversion 
proceSS again on Surroundings of the detected edge when, as 
a result of the comparison and determination, it is deter 
mined that the detected edge does not exist in the one of the 
first and Second background images before the continuous 
tone conversion process. 
0050. In the process of setting the window to an image 
and Setting the average value of the color in the window to 
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a pixel in the window, there is a possibility that the average 
value of color of one window and that of the adjacent 
window are far different, and an edge that does not exist in 
the image before the continuous tone conversion process is 
generated in the image on which the continuous tone con 
version process is performed. Thus, in the present invention, 
when the edge that does not exist in the image before the 
continuous tone conversion process is found in the image on 
which the continuous tone conversion process is performed, 
the continuous tone conversion process is performed again 
on the Surroundings of the detected edge, and thereby the 
image on which the continuous tone conversion proceSS is 
performed is approximated to the image before the continu 
oustone conversion process. Thus, it is possible to perform 
the image reproduction with a good image quality. 
0051. Additionally, in the image processing apparatus 
according to the present invention, for each pixel, the 
comparing and determining part may obtain the difference 
between an edge Strength of the background image before 
the continuous tone conversion process and an edge Strength 
calculated by the edge detecting part through Subtracting the 
edge Strength of the background image from the calculated 
edge Strength and, when the difference is equal to or more 
than a predetermined threshold value, determine that the 
detected edge does not exist in the one of the first and Second 
background images before the continuous tone conversion 
proceSS. 

0052 By using such a determination method, it is easily 
determined whether or not the edge that does not exist in the 
image before the continuous tone conversion process exists 
in the image on which the continuous tone conversion 
process is performed. 

0053. In addition, the re-converting part may set the size 
of the window set by the window setting part Smaller than 
the size in the previous continuous tone conversion process. 
0054 Accordingly, when performing the continuous tone 
conversion process again, it is possible to make the average 
value of the color of one window and that of the adjacent 
window close to each other. Thus, the continuity of pixels 
defined as the average values of the different windows is 
maintained. Hence, it is possible to perform the image 
reproduction with a good image quality. 
0055. In the image processing apparatus according to the 
present invention, each of the first and Second extracting 
parts may distinctly extract the foreground image (the first 
and Second foreground images, respectively) and the back 
ground image (the first and Second background image, 
respectively) through the extraction of the edge, the bina 
rization, or the combination of the extraction of the edge and 
the binarization on the reduced image. 
0056 Further, according to another aspect of the present 
invention, there is provided an image processing program 
interpreted by a computer and including the instructions of: 
causing the computer to generate a reduced image having a 
lower resolution than that of an original image, the original 
image being a digital image, causing the computer to 
distinctly extract a first foreground image and a first back 
ground image from the reduced image, causing the computer 
to convert, into a continuous tone, a halftone dot pattern of 
the first background image extracted from the reduced 
image, and causing the computer to combine the first 
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background image of which halftone dot pattern is converted 
into the continuous tone by the instruction of causing the 
computer to convert the halftone dot pattern into the con 
tinuous tone and an image based on the first foreground 
image extracted by the instruction of causing the computer 
to distinctly extract the first foreground image and the first 
background image. 
0057 Additionally, according to another aspect of the 
present invention, there is provided a processor-readable 
Storage medium Storing the image processing program as 
described above. 

0.058 According to the above-mentioned invention, the 
Same advantages as described above can be achieved. 
0059) Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0060 FIG. 1 is a block diagram showing an example of 
a System Structure according to one embodiment of the 
present invention; 
0061 FIG. 2 is a block diagram showing a module 
Structure of an image processing apparatus; 
0.062 FIG. 3 is a block diagram generally showing 
processes carried out by an image processing program; 
0063 FIG. 4 is a flow chart showing the procedure of the 
various processes shown in FIG. 3; 
0.064 FIG. 5 is a schematic diagram showing local areas 
in a window; 
0065 FIG. 6 is a schematic diagram showing cases 
where edges emerge in the local areas in the window; 
0.066 FIGS. 7A and 7B are a flow chart showing the 
flow of a continuous tone process, 
0067 FIG. 8A is a schematic diagram showing a con 
tinuous tone conversion process, 
0068 FIG. 8B is another schematic diagram showing the 
continuous tone conversion process, 
0069 FIG. 9 is a schematic diagram showing a process 
of extending a run; and 
0070 FIG. 10 is a flow chart showing the flow of a 
correction process of a continuous tone image. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0071. A description will be given of embodiments of the 
present invention with reference to FIGS. 1 through 9. 
0.072 An image processing apparatus embodying the 
present invention performs an imaging proceSS Such that the 
operation is controlled by an image processing program 
installed in or interpreted and executed by the computer. In 
the embodiments, a Storage medium Storing Such an image 
processing program will also be introduced. 
0.073 FIG. 1 is a block diagram showing an example of 
System Structure according to one embodiment of the present 
invention. 
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0074. In a system according to this embodiment, a server/ 
client System 11 in which a plurality of personal computers 
301 forming image processing apparatuses are connected to 
a server computer 101 via a network 201 Such as a LAN is 
assumed. In the Server/client System 11, an environment in 
which image input apparatus 401 Such as a Scanner and a 
digital camera, and an image output apparatuS 501 Such as 
a printer can be shared on the network 201 is set. Addition 
ally, the environment may be constructed such that an MFP 
601 called a multi-function peripheral is connected to the 
network 201, and the MFP 601 functions as the image input 
apparatus 401 and the image output apparatuS 501. 

0075. The server/client system 11 is constructed such that 
data communication with another Server/client System 31 
can be performed via an intranet 21 and with an external 
environment can be performed via an Internet communica 
tion network 41. 

0076 FIG. 2 is a block diagram of the personal computer 
301 as the image processing apparatus according to this 
embodiment. 

0077. The personal computer 301 includes a CPU 302 
performing information processing, a primary Storage unit 
305 such as a ROM 304 storing information and a RAM303, 
a second storage unit 307 Such as a HDD (hard disk drive) 
306, a removable disk device 308 Such as a CD-ROM for 
Storing information, distributing information to the outside, 
and obtaining information from the outside, a network 
interface 309 for communicating information with another 
external computer, a display apparatuS 310 displaying pro 
cesses, results and the like to an operator, a keyboard 311 for 
the operator to input instructions, information and the like to 
the personal computer 301, a pointing device 312 Such as a 
mouse, and the like. A bus controller 313 adjusts and 
operates data transmitted and received among the above 
described parts. 
0078. In such personal computer 301, when a user turns 
the power ON, the CPU 302 starts up a program called 
loader in the ROM 304, reads a program called operating 
System managing hardware and Software of the computer 
into the RAM. 303, and boots the operating system. The 
operating System starts up a program and reads and Saves 
information in accordance with operations of the user. 
Representative examples of the operating System are Such as 
Windows (registered trademark) and UNIX (registered 
trademark). Operating programs that run on the operating 
Systems are called application programs. 

0079 Here, the personal computer 301 stores an image 
processing program in the HDD 306 as the application 
program. In this sense, the HDD 306 functions as a storage 
medium Storing the image processing program. 

0080. In addition, generally, the operating program 
installed in the second storage unit 307 Such as the HDD 306 
of the personal computer 301 is recorded on an optical 
information recording medium such as a CD-ROM and a 
magnetic medium Such as an FD, and the recorded operating 
program is installed in the Secondary Storage unit 307 Such 
as the HDD 306. Accordingly, a portable storage medium, 
the optical information recording medium Such as a CD 
ROM and the magnetic medium such as an FD, for example, 
may be the Storage medium Storing the image processing 
program. Further, the image processing program may be 
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downloaded from the outside via the network interface 309, 
for example, and installed in the second storage unit 307 
Such as the HDD 306. 

0.081 FIG. 3 is a block diagram generally showing 
processes carried out in accordance with the image process 
ing program by the personal computer 301 that is the image 
forming apparatus. In addition, FIG. 4 is a flow chart 
showing an execution procedure of the various processes 
included in the block diagram of FIG. 3. 
0082 In the personal computer 301, when the image 
processing program operating on the operating System is 
started up, the CPU 302 executes various processes and 
controls each part in a centralized manner according to the 
image processing program. On this occasion, the personal 
computer 301 carries out the various processes shown in the 
flow chart of FIG. 4 by the parts shown in the block diagram 
of FIG. 3. Next, a description will be given of the processes. 
0083) 1. The Outline of the Processes 
0084. In this embodiment, multiple resolution analysis is 
used. According to the Mixed Raster Content (MRC) Imag 
ing Model, an image is formed by the following two 
elements. 

0085 O Foreground: texts, graphics (line drawing, 
in particular), and important edges 

0086 O Background: an area other than the fore 9. 
ground (continuous tone area) 

0.087 Among these elements, with respect to the back 
ground, there is no Sharp edge. Thus, when an image is 
compressed to an image with a low resolution, approxi 
mately 100 dpi, for example, degradation is not conspicuous 
to the human eye. Additionally, the BTC (Block Truncation 
Coding) uses a lossy compression method in which an image 
is divided into blocks and each of the blocks is coded by two 
colors. On the other hand, with respect to the foreground, a 
high resolution is required for maintaining high frequency 
components. Thus, when expressing an image, it is neces 
Sary that the foreground and background be expressed by 
different methods from different perspectives. 
0088 Accordingly, in this embodiment, image process 
ing is performed based on the perception that it is Sufficient 
to perform the process of the background area with an image 
having a decreased resolution, thereby aiming for reducing 
the total processing time and the like. 
0089. As shown in the block diagram of FIG.3 and the 
flow chart of FIG. 4, in the image processing according to 
this embodiment, it is assumed that the personal computer 
301 receives an original image 10 via the network interface 
309, by way of example. This process corresponds to step 
S101 in the flow chart of FIG. 4. In this case, the original 
image To is a digitized color image. On Such an assumption, 
first, a reduced image I with a low resolution is generated 
from the original image Io. This process corresponds to Step 
S102 in the flow chart of FIG. 4. 

0090 Next, a foreground image F is extracted from the 
generated reduced image I with the low resolution based on 
local characteristics (edge, local Statistic of a chrominance 
Signal, and the like) as a low resolution process (refer to 
FIG. 3). This process corresponds to step S103 in the flow 
chart of FIG. 4. Pixels other than the foreground image F 
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become a background image B. Then, the background image 
B is converted into a continuous tone expression (that will 
be described later), which becomes a background image J 
that is Subjected to the continuous tone conversion. This 
process corresponds to step S104 in the flow chart of FIG. 
4. 

0091. Then, with respect to the foreground image F 
extracted from the reduced image I with the low resolution 
as the foreground, a proceSS is performed on the original 
image Io as is received as an original resolution process 
(refer to FIG. 3). A foreground image FF is extracted from 
the foreground image F, which is extracted as the foreground 
from the reduced image I, based on the local characteristics 
(edge, local Statistic of a chrominance signal, and the like), 
and pixels other than the foreground image FF become a 
background image BF. This proceSS corresponds to Step 
S105 in the flow chart of FIG. 4. The background image BF 
is converted into the continuous tone expression (that will be 
described later), which becomes a background image Jo that 
is Subjected to the continuous tone conversion. This process 
corresponds to step S106 in the flow chart of FIG. 4. 
0092 Last, the background image J obtained from the 
reduced image I and expressed in a continuous tone, the 
foreground image FF, and the background image Jo obtained 
from the original image Io and expressed in a continuous 
tone, are combined, thereby a correction image Q is 
obtained. This process corresponds to step S107 in the flow 
chart of FIG. 4. The correction image Q is output from the 
image output apparatuses 501 and 601 or sent to other 
apparatuses 301 and 31, for example. This process corre 
sponds to step S108 in the flow chart of FIG. 4. 
0093. A description will be given of the outline of the 
process of converting the background images B and BF into 
the continuous tone expression. 
0094. With respect to the received original image I, 
when the method and parameters of a halftone proceSS by 
which the dot pattern is generated are recognized, an appro 
priate filter may be applied to the original image Io for each 
pixel in accordance with the image characteristics thereof by 
preparing a set of linear filters having appropriate Support 
sizes. In this embodiment, however, it is assumed that the 
appropriate Support Size is not recognized. Hence, the con 
tinuous tone conversion process is performed by using a 
multiple Scale proceSS from leSS dense to more dense as 
described below. 

0.095 First, a local area R having the size of WXW 
(window Size 's) is Set in the image in the area remaining 
after the extraction of the foreground image F, that is, the 
background image B. Here, Since the window Size S is the 
size of WXW, the local area R is a square. However, the local 
area R is not necessarily limited to the Square as long as the 
local area R is a rectangle. In addition, the local area R does 
not include a sharp edge, letter, graphic and the like when 
having an appropriate size. Thus, when the Size of the 
window Size S and the position of the local area R are 
appropriate, there must be no problem if the pixels in the 
local area R are replaced with the average color in the local 
area R. For example, as indicated by (a) in FIG. 5, in a case 
where the background of the local area R is formed by a 
Single color, the result of the continuous tone conversion 
becomes as indicated by (c) in FIG. 5. That is, an appro 
priate continuous tone expression can be obtained. 
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0096. On the other hand, in a case where the window size 
S is too large or the position of the local area R is not 
appropriate, the local area R assumes an inappropriate State 
and the result of the continuous conversion also becomes 
inappropriate. AS an example in which the local area R 
assumes the inappropriate State when the window Size S is 
too large or the position of the local area R is inappropriate, 
there is a State where a plurality of different colors are 
included in the background as indicated by (b) in FIG.5 and 
(a) in FIG. 6. The result of performing the continuous tone 
conversion when the local area R is in the State as indicated 
by (b) in FIG. 5 and (a) in FIG. 6 is as indicated by (b) in 
FIG. 6. That is, distortion occurs in the image. 
0097. Therefore, in order to solve such a problem, it is 
necessary to detect a part where the distortion occurs, Set 
again the local area R having a Smaller window Size S to the 
part, and perform the continuous tone conversion proceSS 
again on the local area R. 
0098. A description will be given of a detection method 
of the part where the distortion occurs. The edges included 
in the background images J and Jo that are expressed in the 
continuous tones should be a Subclass of the edges of the 
original image Io. In other words, as long as the appropriate 
proceSS is performed, it is impossible for edges that do not 
exist in the original image I to exist in the background 
images J and Jo that are expressed in the continuous tones. 
When observed pixel by pixel, it is impossible that the edge 
magnitude in the background images J and Jo that are 
expressed in the continuous tones is higher than that in the 
original image Io. On the other hand, as indicated by (c) in 
FIG. 6, in the background imageSJ and Jo that are expressed 
in the continuous tones, when there are edges that do not 
exist in the original image Io, this is considered to be the side 
effect caused when the window Size S is too large or the 
position of the local area R is not appropriate. That is, it is 
possible to detect the part where the distortion occurs by 
determining whether or not the background images J and Jo 
that are expressed in the continuous tones include edges that 
do not exist in the original image Io. 
0099. Accordingly, the local area R having a smaller 
window Size S is Set again to the detected part where 
distortion occurs, and the continuous tone conversion pro 
ceSS is performed again on the local area R. On this 
occasion, it is desirable that an appropriate processing Scale 
be properly determined for each pixel. It is difficult, how 
ever, to automatically determine the appropriate processing 
Scale by bottom-up image analysis. Consequently, the appro 
priate processing Scale is determined by the multiple Scale 
proceSS from more dense to leSS dense while comparing a 
created image with the original image based on edge infor 
mation. 

0100 However, actually, it is impossible to cover all the 
background images B and BF with the rectangular local area 
R having the constant window Size S. Accordingly, as 
described later, in actual algorithm, the continuous tone 
conversion is performed by using matrix-like runs. 
0101) 2. The Details of the Process 
0102 (1001: a Reduced Image Generation Process) 
0103) This is a process of generating the reduced image 

I having a lower resolution than the original image Io with 
respect to the original image Io that is a digital color image. 
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0104. Here, simply, an input image is divided into blocks 
that are not overlapping with each other, the average value 
of Signals in the block is Set to the Signal of the correspond 
ing pixels in a low resolution image, and thereby the reduced 
image I is generated. Then, 

0105 where the size of the block, that is, a reduction 
ratio, is r. The reduction ratio r is always a natural number. 

0106 (2001: a First Extraction Process) 
0.107) A process of distinctly extracting the foreground 
image F and the background image B from the reduced 
image I. 

0.108 Prior to this process, for eliminating noise, the 
reduced image I with the low resolution is smoothed with a 
linear filter, for example. On this occasion, when all pixels 
are not set to a foreground element as an initial State, then 

0109) i, jeB for all i, j. 
0110 Thus, the foreground image F that is a foreground 
element is extracted from the Smoothed reduced image I 
with the low resolution. A detection process of edge mag 
nitude and a process of local Statistic of color Signal are used 
in this extraction process. In the following, a description will 
be given of these two processes. 
0111 First, a description will be given of edge magnitude 
calculation and the foreground extraction. The edge magni 
tude (E) is calculated with respect to the reduced image I 
with the low resolution. The edge magnitude of a pixel(i,j) 
is the maximum value of the edge magnitudes calculated 
respectively for three channels (RGB). That is, 

0.112. It should be noted that SI; i, j, k is the edge 
magnitude of the pixel (i,j) of a k channel in the reduced 
image I. By performing a threshold value process (thr) on 
the edge magnitude calculated as described above, the 
foreground element is obtained as follows. 

0113 i, jeF if Ei,j)-thr 

0114. In addition, it should be noted that a predetermined 
fixed value may be set to the threshold value, and the Setting 
may be changed externally. 

0115) Next, a description will be given of the local 
Statistic calculation and the foreground extraction. In this 
process, by performing local adaptive binarization of color 
components on pixels that are not extracted as the fore 
ground in the extraction process of the edge characteristics 
by the edge magnitude calculation, the remaining fore 
ground element is detected. For example, windows having a 
fixed size are Set around each pixel. An average value u and 
a standard deviation O of the pixel in the window is 
calculated for each of the RGB channels, comparison 
between a threshold value u (a+b O) having a and b as 
parameters and a signal value. Then, when there is a channel 
having a signal value lower than the threshold value, the 
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pixel (i, j) is set to the foreground element. That is, as 
follows. 

0116 i, jeF 

0117 if Ii, j, R<(a+b 'O)us 
0118 or Ii, j, GK(a+b'O)u 
0119) or I i,j; BK(a+bo)uB 

0120 In this way, the foreground image F that is the 
foreground element is extracted through the two kinds of 
processes, the detection process of the edge magnification 
and the process of local Statistic of color Signals. 
0121 When distinctly extracting the foreground image F 
and the background image B, it is possible to combine the 
extraction of edges and the extraction of letters and line 
drawings by the binarization of color components. For 
example, with respect to the reduced image I, both the 
extraction of edges and the extraction of letters and line 
drawings by the binarization of color components, only the 
extraction of edges, or only the extraction of letters and line 
drawings by the binarization of color components may be 
performed. However, when only the extraction of edges is 
performed, there is a case where an image Such as a thin line 
cannot be extracted. Accordingly, it is preferable that the 
extraction of edges be used in combination with the bina 
rization of color components. In addition, the extraction of 
edges and the binarization of color components may be 
performed in either order. Further, the binarization of color 
components is not limited to the above-described local 
adaptive binarization, and binarization using a fixed thresh 
old value may also be performed. 

0122) (3001: a First Continuous Conversion Process) 
0123. A process of generating the background image J 
that is Subjected to the continuous tone process by convert 
ing the halftone dot pattern of the image extracted from the 
reduced image I as the background image B into a continu 
oustone. This is the process that is generally explained as 
the multiple Scale proceSS from more dense to leSS dense, 
and more specifically, is formed by a generation process of 
an initial continuous tone image and a modification proceSS 
of a tone image. Therefore, a description will be given of 
these two processes, that is, the generation process of the 
initial continuous tone image and the modification proceSS 
of the tone image, in this order. 
0.124 First, a description will be given of the outline of 
the generation process of the initial continuous tone image. 
0125 FIGS. 7A and 7B are a flow chart showing the 
flow of the generation process of the initial continuous tone 
image. In the flow chart, it is assumed that the initial 
continuous tone image is generated. Here, a binary image P 
having the same size as the reduced image I, and having a 
value ON in the foreground element (element of the fore 
ground image F) and a value OFF in the other (element of 
the background image B) is formed. The meaning of the 
symbols in the flow chart of FIGS. 7A and 7B are as 
follows. 

0126) 
O127) 

input information 
I: reduced image 

0128 P. binary (foreground/background) image 
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0.129 output information 
0130 J: background image after continuous tone 
conversion process 

0131 parameters 
0132) 
0133) w: image width 
0134 h; image height 

S: window Size 

0.135 The generation process of the initial continuous 
tone image includes a window Setting process (correspond 
ing to step S301 of FIG. 10 which will be described later) 
and a conversion process. The window Setting process Sets 
a window of a predetermined size to the image extracted as 
the background image B. The conversion process replaces 
the average value of color in each window as the pixels in 
each window, thereby converting the halftone dot pattern 
into a continuous tone. By performing Such continuous tone 
conversion process, it is possible to improve the result of an 
image improvement process that improves granularity and 
moiré phenomena of an output image irrespective of image 
improvement information included in the original image I. 
0.136 Additionally, in the conversion process, a run that 
Subdivides a line along a first direction in the window, the 
lateral direction, for example, is Set So as to obtain the 
average value of color for each run (corresponding to step 
S302 in FIG. 10 which will be described later). Then, a run 
that Subdivides a line along a Second direction orthogonal to 
the first direction in the Window, a vertical direction, for 
example, is Set So as to obtain the average value of color for 
each run (refer to step S303 in FIG. 10, which will be 
described later). Thus, Since the average value of color in the 
window is obtained based on the average value of color of 
each run that Subdivides lines in the lateral and vertical 
directions, for example, it is possible to obtain the average 
value of color in the window with good accuracy. 
0.137. A more specific description will be given of the 
process. As shown in FIG. 8A, a run having the maximum 
length of WSZ (for example, 4 pixels in 100 dpi) and not 
including a pixel (a pixel in which P is ON) in the fore 
ground element is Sequentially formed for each line in the 
lateral direction. This process corresponds to steps S201 
through S208 and step S210 through S212 of the flow chart 
in FIGS. 7A and 7B. 

0.138 More specifically, in step S201, an ordinate h0 is 
initialized to 0. Then, in step S201, whether or not the 
ordinate h0 is Smaller than the image height his determined. 
When the decision result in step S202 is YES, the process 
proceeds to step S203. In step S203, an abscissa w() is 
initialized to 0. Then, in step S204, whether or not the 
abscissa w0 is Smaller than the image width w is determined. 
When the decision result in step S204 is NO, the ordinate h0 
is incremented by 1 in Step S212, and the process returns to 
step S202. On the other hand, when the decision result in 
step S204 is YES, the process proceeds to step S205. In step 
S205, it is determined whether or not PhOw0) is ON. 
When the decision result in step S205 is NO, the process 
proceeds to step S208. In step S208, a first run R1 having the 
length t=S in the horizontal direction is extracted from the 
reduced image (color image) I with the coordinates (h(), w0) 
as the Starting point. Here, however, when there is a pixel 
satisfying PhO)=ON (w0<<w0+s), the first run R1 hav 
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ing the length t=0-w0 is extracted where 0 is the minimum 
value of j in Such a pixel. Thereafter, an average color b on 
the first run R1 is calculated in step S209. In step S210, 
JhO) is set to b where J=w0, w0+1, ..., w0+t-1. Then, 
the abscissa w() is incremented by t in step S211, and the 
process returns to step S204. 

0.139. On the other hand, when the decision result in step 
S205 is YES, JhOw0) is considered to be IhOw0). Then, 
w0 is incremented by 1, and the process returns to step S204. 
0140. Then, the average color of the pixels constituting 
the run is calculated for each run, and the average color after 
the calculation is Set to the color of each of the pixels 
constituting the run. This process corresponds to step S209 
of the flow chart in FIGS. 7A and 7B. In this manner, an 
image C" on which the continuous tone conversion process 
using the run in the lateral direction is obtained. 

0141. Thereafter, as shown in FIG. 8B, runs in the 
Vertical direction are formed and the continuous tone con 
version proceSS Similar to that above is performed on the 
generated image C". This proceSS corresponds to StepSS251 
through S261. 

0142 More specifically, when the decision result in step 
S202 is NO, the process proceeds to step S251 as indicated 
by the circled A in FIGS. 7A and 7B. In step S251, the 
abscissa w() is initialized to 0. Then, in step S252, whether 
or not wo is Smaller than the image height W is determined. 
When the decision result in step S252 is NO, the process 
ends. On the other hand, when the decision result in Step 
S252 is YES, the ordinate h0 is initialized to 0 in step S253. 
In step S254, whether or not-the ordinate h0 is smaller than 
the image height h is determined. When the decision result 
in step S254 is NO, the ordinate h0 is incremented by 1 in 
step S251, and the process returns to step S252. 

0143. On the other hand, when the decision result in step 
S254 is YES, in step S255, it is determined whether or not 
PhOw0) is ON. When the decision result in step S255 is 
YES, the ordinate h0 is incremented by 1, and the process 
returns to step S254. When the decision result in step S255 
is NO, the process proceeds to step S257. In step S257, a 
Second run R2 having the length t=S in the Vertical direction 
is extracted from the continuous tone image J with the 
coordinates (h(), w0) as the starting point. Here, however, 
when there is a pixel satisfying Piw0}=ON (h0<izh0+s), 
the second run R2 having the length t=i0-hC) is extracted 
where iO is the minimum value of i in such a pixel. 
Thereafter, the average value b on the Second run R2 is 
calculated in step S258. In step S259, Jiwo is set to b 
where i-ho, h0+1, . . . , h0+t-1. In step S260, the ordinate 
h0 is incremented by the length t, and the process returns to 
step S254. 

0144. In this way, in the continuous tone conversion 
process, the runs are Sequentially formed from left to right 
in the lateral direction and from up to down in the vertical 
direction until the run becomes the designated length or 
meets the foreground element. When the run meets the 
foreground element, there are cases where the length of the 
run is shorter than the designated length. Thus, there are 
cases where a background color estimated on the run is dark. 
In order to solve this problem, when the run meets the 
foreground element and the length (width S) of which run 
does not grow to the designated length, as shown in FIG. 9, 
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a process of extending the run by turning back from the 
Starting point (wO) of the-run is performed. In other words, 
when the run meets the foreground element and the length 
(swidth) of the run is less than wSZ, the run is extended by 
turning back from the starting point (wO) of the run. 
0145 AS described above, by performing the continuous 
tone conversion process on the runs in the lateral and vertical 
directions, the initial continuous tone image J is generated. 
0146) Next, a description will be given of the outline of 
the modification process of the continuous tone image, with 
reference to the flow chart in FIG. 10. FIG. 10 is the flow 
chart showing the flow of the modification process of the 
continuous tone image. 
0147 AS previously described, in the generation process 
of the initial continuous tone image, the window of the 
predetermined size is Set to the image extracted as the 
background image B (this process corresponds to step S301 
of the flow chart in FIG. 10). Then, the average value of 
color in each window is replaced as the pixels in the window, 
thereby the halftone dot pattern is converted into a continu 
oustone. On this occasion, as described above, the average 
value of color in each window is obtained Such that the run 
that subdivides the lines along the first direction in the 
window, the lateral direction, for example, is Set So as to 
obtain the average value of color for each run (step S302), 
and Subsequently, the run that Subdivides the lines along the 
Second direction orthogonal to the first direction in the 
window is Set So as to obtain the average value of color for 
each run (step S303), and thereby the average value of color 
in the window is obtained. 

0.148 However, in the process of setting the window for 
an image and replacing the average value of color in the 
window as the pixels of the window, there is a possibility 
that the average value of color in a window and that in the 
adjacent window are far different, and thus an edge that does 
not exist in the original image before the continuous tone 
conversion proceSS is performed is generated in the image 
(initial continuous tone image J) on which the continuous 
tone conversion process is performed. 

014.9 Therefore, the continuous tone conversion process 
according to this embodiment includes an edge detection 
process, a comparison and determination process, and a 
re-conversion process. The edge detection proceSS detects an 
edge from the image (initial continuous tone image J) on 
which the continuous tone conversion proceSS converting 
the halftone dot pattern of the image extracted as the 
background image B into the continuous tone is performed. 
The comparison and determination proceSS compares a 
detected edge with the edge in the original image before the 
performance of the continuous tone conversion proceSS 
thereon, and determines whether or not the detected edge is 
an edge existing in the original image I before the perfor 
mance of the continuous tone conversion process thereon. 
The re-conversion proceSS performs the continuous tone 
conversion process again on the Surroundings of the detected 
edge when it is determined that an edge not existing in the 
original image I before the performance of the continuous 
tone conversion process thereon is detected as a result of the 
comparison and determination. 

0150. That is, in the flow chart shown in FIG. 10, the 
average value of color is obtained for the run in the Second 
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direction orthogonal to the first direction in the window in 
step S303, and in step S304, an edge is detected from the 
image (initial continuous tone image J) on which the con 
tinuous tone conversion process is performed. In step S305, 
the detected edge is compared with the edge in the original 
image I before the performance of the continuous tone 
conversion process thereon. Thereby, an edge residual image 
is generated in step S306, and is binarized in step S307. In 
step S308, based on the binarized edge residual image, it is 
determined whether or not the detected edge is a pseudo 
edge, that is, an edge not existing in the original image Io 
before the performance of the continuous tone conversion 
process thereon. Then, when it is not determined that there 
is the pseudo-edge (NO in step S308), the process ends. 
When it is determined that there is the pseudo-edge (YES in 
step S308), a window smaller than the previous one is set for 
the surroundings of the pseudo-edge in step S309. In step 
S310, it is determined whether or not the window size is 
Smaller than a predetermined window size. If the decision 
result in step S310 is NO, then the process returns to step 
S302. The processes of steps S302 through S309, that is, the 
processes Starting from the process of calculating the aver 
age colors with respect to the first and Second directions in 
the window (steps S302 and S303), are repeated until the 
window Size becomes Smaller than the predetermined win 
dow size (YES in step S310). 
0151 Hence, in a case where an edge not existing in the 
original image I before the performance of the continuous 
tone conversion process thereon is found (detected) in the 
image (initial continuous tone image J) on which the con 
tinuous tone conversion proceSS is performed, by perform 
ing the continuous tone conversion proceSS again on the 
Surroundings of the detected edge, it is possible to approxi 
mate the image on which the continuous tone conversion 
process is performed (image after the modification) to the 
original image I before the performance of the continuous 
tone conversion process. 

0152 The comparison and determination process deducts 
the edge magnification of the original image I before the 
performance of the continuous tone conversion proceSS 
thereon from the calculated edge magnification for each 
pixel, and determines that the edge does not exist in the 
original image I before the performance of the continuous 
tone conversion process thereon when the value obtained by 
the reduction is equal to or more than a predetermined 
threshold value. By using Such a determination method, it is 
easily determined whether or not an edge not existing in the 
original image I before the performance of the continuous 
tone conversion process thereon exists in the image (initial 
continuous tone image J) on which the continuous tone 
conversion process is performed. 

0153. Further, the window of the image on which the 
continuous tone conversion process is performed in the 
re-conversion proceSS is Set Smaller than the window that is 
initially Set. Hence, when performing the continuous tone 
conversion process again, it is possible to make the average 
value of a window and that of the adjacent window close. 
Accordingly, Since continuity of pixels defined as the aver 
age values of the windows is maintained, it is possible to 
perform image reproduction with a good image quality. 
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0154) A more specific description will now be given of 
the process of modifying the initial continuous tone image J. 
First, for the outline, 

0155 (a) The edge residual image is generated by 
deducting the edge magnification Eo of the original 
image I from the edge magnification of the initial 
tone image J for each pixel. In nearly all pixels, the 
residuals are values equal to or less than 0. Then, the 
binarization proceSS is performed on the edge 
residual image So as to generate the pseudo-edge 
image E. The pixels having the residual equal to or 
more than the threshold value are set ON, and the 
others are set OFF. Here, the size of the window is 
Set Smaller than the size Set in the previous time. 

0156 (b) Then, the value of the length wSZ of the run 
in the set window is reduced to half. The continuous 
tone conversion proceSS is performed on the Sur 
roundings of the ON pixels in the pseudo-edge E by 
using the new value of WSZ So as to generate the 
continuous tone image C. Here, an example of 
reducing the value of the length wsz of the run to half 
is shown. However, it is not necessarily limited to 
reducing the length to half as long as the length WSZ 
of the run is shortened. 

0157 (c) In the background color image J, the colors 
of (2WSZ-1)x(2WSZ-1) pixels, for example, in the 
vicinity of the ON pixels in the pseudo-edge image 
E are replaced with colors in the new continuous 
tone image C. 

0158 (d) The processes of the above (a) through (c) 
are recursively repeated until WSZ becomes Smaller 
than a predetermined minimum size. 

0159. Next, a detailed description will be given of the 
above (a) through (d). 
0160 In order to detect edge of the continuous tone 
image, the edge magnification (E) is calculated from the 
continuous tone image J by the following equation in a 
manner Similar to the above. 

Eli, i=max SJ; i, j. G., SJ; i, j. G. Si; i, j, B} 
0.161 In order to detect the pseudo-edge, a false edge 
existing not in the reduced image I with the low resolution 
but only in the continuous tone image J is obtained by the 
following equation. 

Eli, i = 

ON if Ei, i > max{Eor.c: r - 1 s 1, c - 1 < 1} 
OFF otherwise 

0162. In order to modify the background color, the win 
dow Size (WSZ) is reduced (to half). The continuous tone 
conversion (C) is performed with the new small window size 
(WSZ). Then, in the continuous tone image J, the Surround 
ings of the pseudo-edge are replaced with the converted 
color C. 

0163) Ji, j, k Bi, j, k 
0164) if there is a pixel(r, c) such that Er, c=ON 
and r-1s wSZ, c-js WSZ 
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0.165. Thereafter, for repeating the modification process, 
a Series of the processes of the continuous tone image 
correction are repeated while the window Size (WSZ) is 
greater that the designated minimum size. Otherwise, the 
continuous tone image modification ends. 
0166 (4001: a Second Extraction Process) 
0167. This is a process of distinctly extracting the fore 
ground image FF and the background image BF from the 
original image corresponding to the image extracted from 
the reduced image I as the foreground image F. 
0168 That is, a fine process with the original resolution 
is performed on the foreground image F extracted from the 
reduced image I with the low resolution as the foreground. 
To be more accurate, an area of the original image I 
corresponding to the foreground image F is a set of pixels (i, 
j) satisfying i? r, j/reF. Thus, in this foreground image F, 
foreground extraction is performed in a manner Similar to 
the technique described above with respect to the original 
image I. Consequently, an area categorized as the fore 
ground is taken as FF, and the background image, which is 
the remaining area, is taken as BF (=F-FF). 
0169. Regarding the foreground extraction, as in the first 
extraction process 2001, it impossible to combine the extrac 
tion of edges and the extraction of letters and line drawings 
by the binarization of color components. For example, both 
the extraction of edges and the extraction of letters and line 
drawings by the binarization of color components, only the 
extraction of edges, or the extraction of letters and line 
drawings by the binarization of color components may be 
performed on the reduced image I. 
0170 In addition, it is possible to combine the extraction 
of edges and the extraction of letters and line drawings by 
the binarization of color components in various ways with 
respect to the distinct extraction of the foreground image F 
and the background image B in the first extraction proceSS 
2001 and the distinct extraction of the foreground image FF 
and the background image BF in the Second extraction 
process 4001. 
0171 For example, three kinds of combinations are pos 
Sible. That is, the distinct extraction of the foreground image 
F and the background image B in the first extracting proceSS 
2001 may be performed by both the extraction of edges and 
the extraction of letters and line drawings by the binarization 
of color components, and the distinct extraction of the 
foreground image FF and the background image BF in the 
second extraction process 4001 may be performed by both 
the extraction of edges and the extraction of letters and line 
drawings by the binarization of color components, only by 
the extraction of edges, or by the extraction of letters and 
line drawings by the binarization of color components. 
0172 For another example, three kinds of combinations 
are possible. That is, the distinct extraction of the foreground 
image F and the background image B in the first extraction 
process 2001 may be performed only by the extraction of 
edges, and the distinct extraction of the foreground image FF 
and the background image BF in the Second extraction 
process 4001 may be performed by both the extraction of 
edges and the extraction of letters and line drawings by the 
binarization of color components, only by the extraction of 
edges, or by the extraction of letters and line drawings by the 
binarization of color components. 

Sep. 25, 2003 

0173 For yet another example, three kinds of combina 
tions are possible. That is, the distinct extraction of the 
foreground image F and the background image B in the first 
extraction process 2001 may be performed only by the 
extraction of letters and line drawings by the binarization of 
color components, and the distinct extraction of the fore 
ground image FF and the background image BF in the 
second extraction process 4001 may be performed by both 
the extraction of edges and the extraction of letters and line 
drawings by the binarization of color components, only by 
the extraction of edges, or by the extraction of letters and 
line drawings by the binarization of color components. 
0.174 (5001: a Second Continuous Tone Conversion Pro 
cess) 
0.175. This is a process of converting the halftone dot 
pattern of the image extracted from the original image Io as 
the background image BF into a continuous tone So as to 
generate the background image Jo on which the continuous 
tone process is performed. 
0176). In other words, in the background image BF 
extracted from the original image I, the continuous tone 
conversion process is performed by a method similar to the 
above-described method for the original image Io and the 
continuous tone image Jo is calculated. Here, the initial 
length of the run is set to dr (“d” is a constant number). “r” 
corresponds to one pixel of the reduced image I with the low 
resolution, and the physicallength is approximately constant 
irrespective of the resolution of an input image. The constant 
number “d” is set such that the length of the run is suffi 
ciently greater than the cycle of the halftone dot pattern. 
0177 (6001: a Combining Process) 
0.178 This is a process of combining the image J con 
verted into the continuous tone in the first continuous tone 
conversion process, the image extracted in the Second 
extraction process as the foreground image FF, and the 
image Jo converted into the continuous tone in the Second 
continuous tone conversion process. 
0179 Hence, the correction image Q is obtained. Actu 
ally, in a pixel i,j, the correction image Q is expressed as 
follows. 

0180) 
G, B) 

0181 ifi/r, j/reF, i, jeFF; then Qi, j, k=ioi, j; 
k(k=R, G, B) 

0182 ifi/r, j/reF, i, jeBF, then Qi, j, k=Joi, j, 
k(k=R, G, B) 

0183 AS described above, the personal computer 301 
carries out the above-mentioned various processes accord 
ing to the installed image processing program, for example. 
That is, the process of distinctly extracting the foreground 
image F and the background image B is performed on the 
reduced image I (process 2001), and the process of distinctly 
extracting the foreground image FF and the background 
image BF from the original image Io is further performed on 
the image extracted as the foreground image F in the process 
2001 (process 4001). Then, the process of converting the 
halftone dot pattern into a continuous tone is performed on 
the image extracted from the reduced image I as the fore 
ground image F and the image extracted from the original 
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image 10 as the background image BF (processes 3001 and 
5001). Thereafter, the images converted into the continuous 
tones and the image extracted from the original image Io as 
the foreground image FF are combined. Accordingly, this 
embodiment of the present invention includes the following 
advantages. 
0184 (1) The greater part of the background image of the 
image obtained after the combination of the images of which 
halftone dot patterns are converted into continuous tones is 
the background image B that is extracted from the reduced 
image I. Hence, in a case where the functions for improving 
the granularity and moiré phenomena of the output image 
are realized by Software, it is possible to achieve a practical 
processing Speed. 
0185 (2) The greater part of the background image of the 
image obtained after the combination of the images of which 
halftone dot patterns are converted into the continuous tones 
is the image extracted from the reduced image I. Thus, traces 
of various image processing included in the original image 
Io become inconspicuous. Hence, even in a case where an 
image that is input by the image input apparatuS 401 or 601 
operated on the Sender's Side of the image and includes 
correction information depending on the characteristics of 
the image input apparatus 401 or 601 is subjected to a 
reproduction process by the image output apparatus 501 
operated on the recipient's Side of the image, and having the 
characteristics different from those of the image input appa 
ratus 401 or 601, or a case where the reproduction process 
is performed on an image that is obtained from the external 
environment using the Internet communication network 41 
and includes unknown correction information, it is possible 
to easily apply the image quality improving process that 
improves the granularity and moiré phenomena of the output 
image. Accordingly, it is possible to obtain Satisfactory 
image quality. 
0186 (3) The greater part of the background image of the 
image obtained after the combination of the images of which 
halftone dot patterns are converted into the continuous tones 
is the image extracted from the reduced image I. Thus, traces 
of various image processing included in the original image 
Io become inconspicuous. Hence, irrespective of the pro 
cessing method used in the halftone processing method of 
the image input by the image input apparatus 401 or 601 
operated by the Sender's Side of the image, without depend 
ing on the processing method, it is possible to realize, by the 
image output apparatuS 501 operated on the recipient's Side 
of the image, image reproduction with a good image quality 
where the granularity and moiré phenomena of the output 
image are improved. 

0187 Further, in this embodiment, an example is shown 
where the digital color image is used as the original image 
Io, and the processes are performed on the digital color 
image. However, the present invention may be applied 
Similarly to a digital image formed by one channel Such as 
a monochrome image. 
0188 Additionally, in this embodiment, the function of 
the second extraction process 4001, that is, the function of 
distinctly extracting the foreground image FF and the back 
ground image BF from the original image corresponding to 
the image extracted from the reduced image I as the fore 
ground image F is performed. Then, the function of the 
second continuous tone conversion process 5001, that is, the 
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function of converting the halftone dot pattern of the image 
extracted from the original image Io as the background 
image BF into a continuous tone So as to generate the 
background image Jo on which the continuous tone process 
is performed. Such functions of the Second extracting pro 
ceSS 4001 and Second continuous tone conversion process 
5001 are functions of further distinctly extracting the fore 
ground image FF and the background image BF from the 
original image 10 with respect to the image extracted from 
the reduced image I as the foreground image FF. The 
performance of the functions is effective for differentiating 
the foreground image F (FF) and the background image B 
(BF) more precisely. However, it is not always necessary to 
perform the functions of the second extraction process 4001 
and the continuous tone conversion process 5001 to obtain 
the effects of the above-mentioned (1), (2) and (3). Accord 
ingly, upon implementation, the proceSS may be Such that 
the functions of the reduced image generation proceSS 1001, 
the first extraction process 2001, the first continuous tone 
conversion process 3001, and the combining process 6001 
are performed on the original image I that is a digital image. 
In this case, in the combining process 6001, the image 
extracted as the foreground image F in the first extraction 
process 2001 and the image J converted into a continuous 
tone in the first continuous tone conversion process 3001 are 
combined. Alternatively, for the image to be combined, 
instead of using the image extracted as the foreground image 
F in the first extraction process 2001, the image of the area 
in the original image Io corresponding to the image extracted 
as the foreground image F in the first extraction process 
2001 may be used. As mentioned above, such a correspond 
ing image in the original image Io is a set of pixels i, j) 
satisfying i?r, j/reF. 
0189 The present invention is not limited to the specifi 
cally disclosed embodiments, and variations and modifica 
tions may be made without departing from the Scope of the 
present invention. 
0190. The present application is based on Japanese pri 
ority application No. 2002-081361 filed on Mar. 22, 2002, 
the entire contents of which are hereby incorporated by 
reference. 

What is claimed is: 
1. An image processing apparatus, comprising: 

a reduced image generating part generating a reduced 
image having a lower resolution than that of an original 
image, the original image being a digital image, 

a first extracting part distinctly extracting a first fore 
ground image and a first background image from the 
reduced image; 

a first continuous tone converting part converting, into a 
continuous tone, a halftone dot pattern of the first 
background image extracted from the reduced image; 
and 

a combining part combining the first background image of 
which first background image the halftone dot pattern 
is converted into the continuous tone by Said first 
continuous tone converting part and images based on 
the first foreground image extracted by Said first 
extracting part. 



US 2003/0179409 A1 

2. The image processing apparatus as claimed in claim 1, 
wherein the first continuous tone converting part comprises: 

a window Setting part Setting a window having a prede 
termined size to the extracted first background image; 
and 

a converting part Setting an average value of color in each 
window to the pixels in the window and thereby 
converting the halftone dot pattern into the continuous 
tone. 

3. The image processing apparatus as claimed in claim 2, 
wherein the converting part Sets a first run Segmenting a line 
along a first direction in the window So as to obtain an 
average value of color for each first run, Sets a Second run 
Segmenting a line along a Second direction orthogonal to the 
first direction in the window So as to obtain an average value 
of color for each Second run, and thereby obtains the average 
value of color in the window. 

4. The image processing apparatus as claimed in claim 2, 
wherein the first continuous tone converting part comprises: 

an edge detecting part detecting an edge from the first 
background image Subjected to a continuous tone con 
version process of converting the halftone dot pattern 
of the extracted first background image into the con 
tinuous tone; 

a comparing and determining part comparing the detected 
edge with an edge of the first background image before 
the continuous tone conversion proceSS and determin 
ing whether or not the detected edge exists in the first 
background image before the continuous tone conver 
Sion process, and 

a re-converting part performing the continuous tone con 
version proceSS again on Surroundings of the detected 
edge when, as a result of the comparison and determi 
nation, it is determined that the detected edge does not 
exist in the first background image before the continu 
oustone conversion process. 

5. The image processing apparatus as claimed in claim 4, 
wherein, for each pixel, the comparing and determining part 
obtains a difference between an edge Strength of the back 
ground image before the continuous tone conversion proceSS 
and an edge Strength calculated by the edge detecting part 
through Subtracting the edge Strength of the background 
image from the calculated edge Strength and, when the 
difference is equal to or more than a predetermined threshold 
value, determines that the detected edge does not exist in the 
first background image before the continuous tone conver 
Sion process. 

6. The image processing apparatus as claimed in claim 4, 
wherein the re-converting part Sets a Size of the window Set 
by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 

7. The image processing apparatus as claimed in claim 5, 
wherein the re-converting part Sets a Size of the window Set 
by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 

8. The image processing apparatus as claimed in claim 1, 
wherein the first extracting part distinctly extracts the first 
foreground image and the first background image from the 
reduced image by performing extraction of an edge and 
binarization on the reduced image. 

9. The image processing apparatus as claimed in claim 1, 
wherein the first extracting part distinctly extracts the first 
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foreground image and the first background image by per 
forming extraction of an edge on the reduced image. 

10. The image processing apparatus as claimed in claim 1, 
wherein the first extracting part distinctly extracts the first 
foreground image and the first background image by per 
forming binarization on the reduced image. 

11. The image processing apparatus as claimed in claim 1, 
further comprising: 

a Second extracting part distinctly extracting a Second 
foreground image and a Second background image 
from an area of the original image, the area correspond 
ing to the first foreground image extracted from the 
reduced image, and 

a Second continuous tone converting part converting, into 
a continuous tone, a halftone dot pattern of the Second 
background image extracted from the area of the origi 
nal image, 

wherein the combining part combines the first background 
image of which first background image the halftone dot 
pattern is converted into the continuous tone by the first 
continuous tone converting part, the Second foreground 
image extracted by Said Second extracting part, and the 
Second background image of which Second background 
image the halftone dot pattern is converted into the 
continuous tone by Said Second continuous tone con 
Verting part. 

12. The image processing apparatus as claimed in claim 
11, wherein at least one of the first and Second continuous 
tone converting parts comprises: 

a window Setting part Setting a window having a prede 
termined size to one of the extracted first and the 
extracted Second background images, and 

a converting part Setting an average value of color in each 
window to pixels in the window and thereby converting 
the halftone dot pattern into the continuous tone. 

13. The image processing apparatus as claimed in claim 
12, wherein the converting part Sets a first run Segmenting a 
line along a first direction in the window So as to obtain an 
average value of color for each first run, Sets a Second run 
Segmenting a line along a Second direction orthogonal to the 
first direction in the window So as to obtain an average value 
of color for each Second run, and thereby obtains the average 
value of color in the window. 

14. The image processing apparatus as claimed in claim 
12, wherein at least one of the first-and Second continuous 
tone converting parts comprises: 

an edge detecting part detecting an edge from a corre 
sponding one of the first and Second background 
images Subjected to a continuous tone conversion pro 
ceSS of converting the halftone dot pattern of the one of 
the extracted first and Second background images into 
the continuous tone; 

a comparing and determining part comparing the detected 
edge with an edge of the one of the first and Second 
background images before the continuous tone conver 
Sion proceSS and determining whether or not the 
detected edge exists in the one of the first and Second 
background images before the continuous tone conver 
Sion process, and 
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a re-converting part performing the continuous tone con 
version proceSS again on Surroundings of the detected 
edge when, as a result of the comparison and determi 
nation, it is determined that the detected edge does not 
exist in the one of the first and Second background 
images before the continuous tone conversion process. 

15. The image processing apparatus as claimed in claim 
13, wherein at least one of the first and Second continuous 
tone converting parts comprises: 

an edge detecting part detecting an edge from a corre 
sponding one of the first and Second background 
images Subjected to a continuous tone conversion pro 
ceSS of converting the halftone dot pattern of the one of 
the extracted first and Second background images into 
the continuous tone, 

a comparing and determining part comparing the detected 
edge with an edge of the one of the first and Second 
background images before the continuous tone conver 
Sion process and determining whether or not the 
detected edge exists in the one of the first and Second 
background images before the continuous tone conver 
Sion process, and 

a re-converting part performing the continuous tone con 
version proceSS again on Surroundings of the detected 
edge when, as a result of the comparison and determi 
nation, it is determined that the detected edge does not 
exist in the one of the first and Second background 
images before the continuous tone conversion process. 

16. The image processing apparatus as claimed in claim 
14, wherein, for each pixel, the comparing and determining 
part obtains a difference between an edge Strength of the 
background image before the continuous tone conversion 
proceSS and an edge Strength calculated by the edge detect 
ing part through Subtracting the edge Strength of the back 
ground image from the calculated edge Strength and, when 
the difference is equal to or more than a predetermined 
threshold value, determines that the detected edge does not 
exist in the one of the first and Second background images 
before the continuous tone conversion process. 

17. The image processing apparatus as claimed in claim 
15, wherein, for each pixel, the comparing and determining 
part obtains a difference between an edge Strength of the 
background image before the continuous tone conversion 
proceSS and an edge Strength calculated by the edge detect 
ing part through Subtracting the edge Strength of the back 
ground image from the calculated edge Strength and, when 
the difference is equal to or more than a predetermined 
threshold value, determines that the detected edge does not 
exist in the one of the first and Second background images 
before the continuous tone conversion process. 

18. The image processing apparatus as claimed in claim 
14, wherein the re-converting part Sets a size of the window 
Set by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 

19. The image processing apparatus as claimed in claim 
15, wherein the re-converting part Sets a size of the window 
Set by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 

20. The image processing apparatus-as claimed in claim 
16, wherein the re-converting part Sets a size of the window 
Set by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 
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21. The image processing apparatus as claimed in claim 
17, wherein the re-converting part Sets a size of the window 
Set by the window Setting part Smaller than the size in the 
previous continuous tone conversion process. 

22. The image processing apparatus as claimed in claim 
11, wherein the first extracting part distinctly extracts the 
first foreground image and the first background image from 
the reduced image by performing extraction of an edge and 
binarization on the reduced image. 

23. The image processing apparatus as claimed in claim 
11, wherein the first extracting part distinctly extracts the 
first foreground image and the first background image from 
the reduced image by performing extraction of an edge on 
the reduced image. 

24. The image processing apparatus as claimed in claim 
11, wherein the first extracting part distinctly extracts the 
first foreground image and the first background image from 
the reduced image by performing binarization on the 
reduced image. 

25. The image processing apparatus as claimed in claim 
22, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the extraction of the edge and the binarization 
on the first foreground image extracted from the reduced 
image. 

26. The image processing apparatus as claimed in claim 
23, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the extraction of the edge and binarization on 
the first foreground image extracted from the reduced image. 

27. The image processing apparatus as claimed in claim 
24, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing extraction of an edge and the binarization on 
the first foreground image extracted from the reduced image. 

28. The image processing apparatus as claimed in claim 
22, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the extraction of the edge on the first fore 
ground image extracted from the reduced image. 

29. The image processing apparatus as claimed in claim 
23, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the extraction of the edge on the first fore 
ground image extracted from the reduced image. 

30. The image processing apparatus as claimed in claim 
24, wherein the Second extracting part distinctly extracts the 
foreground image and the background image by performing 
extraction of an edge on the first foreground image extracted 
from the reduced image. 

31. The image processing apparatus as claimed in claim 
22, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the binarization on the first foreground image 
extracted from the reduced image. 

32. The image processing apparatus as claimed in claim 
23, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
by performing the binarization on the first foreground image 
extracted from the reduced image. 

33. The image processing apparatus as claimed in claim 
24, wherein the Second extracting part distinctly extracts the 
Second foreground image and the Second background image 
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by performing the binarization on the first foreground image 
extracted from the reduced image. 

34. An image processing program interpreted by a com 
puter, comprising the instructions of: 

causing the computer to generate a reduced image having 
a lower-resolution than that of an original image, the 
original image being a digital image; 

causing the computer to distinctly extract a first fore 
ground image and a first background image from the 
reduced image, 

causing the computer to convert, into a continuous tone, 
a halftone dot pattern of the first background image 
extracted from the reduced image, and 

causing the computer to combine the first background 
image of which first background image the halftone dot 
pattern is converted into the continuous tone by the 
instruction of causing the computer to convert the 
halftone dot pattern into the continuous tone and 
images based on the first foreground image extracted 
by the instruction of causing the computer to distinctly 
extract the first foreground image and the first back 
ground image. 

35. The image processing program as claimed in claim 34, 
wherein the instruction of causing the computer to convert 
the halftone dot pattern of the first background image into 
the continuous tone comprises the instructions of 

causing the computer to Set a window having a predeter 
mined size to the extracted first background image; and 

causing the computer to Set an average value of color in 
each window to pixels in the window and thereby 
converting the halftone dot pattern into the continuous 
tone. 

36. The image processing program as claimed in claim 35, 
wherein in the instruction of causing the computer to Set the 
average value of the color in each window to the pixels in 
the window, a first run Segmenting a line along a first 
direction in the window is Set So as to obtain an average 
value of color for each first run, a Second run Segmenting a 
line along a Second direction orthogonal to the first direction 
in the window is Set So as to obtain an average value of color 
for each Second run, and thereby the average value of color 
in the window is obtained. 

37. The image processing program as claimed in claim 35, 
wherein the instruction of causing the computer to convert 
the halftone dot pattern of the first background image into 
the continuous tone comprises the instructions of 

causing the computer to detect an edge from the first 
background image Subjected to a continuous tone con 
version process of converting the halftone dot pattern 
of the extracted first background image into the con 
tinuous tone; 

causing the computer to compare the detected edge with 
an edge of the first background image before the 
continuous tone conversion process and determine 
whether or not the detected edge exists in the first 
background image before the continuous tone conver 
Sion process, and 

causing the computer to perform the continuous tone 
conversion proceSS again on Surroundings of the 
detected edge when, as a result of the comparison and 
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the determination, it is determined that the detected 
edge does not exist in the first background image before 
the continuous tone conversion process. 

38. The image processing program as claimed in claim 37, 
wherein in the instruction of causing the computer to com 
pare the detected edge with the edge of the first background 
image, for each pixel, a difference between an edge Strength 
of the background image before the continuous tone con 
version proceSS and an edge Strength calculated in the 
instruction of causing the computer to detect the edge from 
the first background image is obtained through Subtracting 
the edge Strength of the background image from the calcu 
lated edge Strength and, when the difference is equal to or 
more than a predetermined threshold value, it is determined 
that the detected edge does not exist in the first background 
image before the continuous tone conversion process. 

39. The image processing program as claimed in claim 37, 
wherein in the instruction of causing the computer to per 
form the continuous tone conversion process again, a size of 
the window Set in the instruction of Setting the window is Set 
Smaller than the size in the previous continuous tone con 
version process. 

40. The image processing program as claimed in claim38, 
wherein in the instruction of causing the computer to per 
form the continuous tone conversion process again, a size of 
the window Set in the instruction of Setting the window is Set 
Smaller than the size in the previous continuous tone con 
version process. 

41. The image processing program as claimed in claim 34, 
further comprising the instructions of: 

causing the computer to distinctly extract a Second fore 
ground image and a Second background image from an 
area of the original image, the area corresponding to the 
first foreground image extracted from the reduced 
image; and 

causing the computer to convert, into a continuous tone, 
a halftone dot pattern of the Second background image 
extracted from the area of the original image, 

wherein in the instruction of causing the computer to 
combine, the first background image of which first 
background image the halftone dot pattern is converted 
into the continuous tone in the instruction of causing 
the computer to converting the halftone dot pattern of 
the first background image into the continuous tone, the 
Second foreground image extracted in the instruction of 
causing the computer to distinctly extract the Second 
foreground image and the Second background image, 
and the Second background image of which Second 
background image the halftone dot pattern is converted 
into the continuous tone in the instruction of causing 
the computer to convert the halftone dot pattern of the 
Second background image into the continuous tone are 
combined. 

42. The image processing program as claimed in claim 41, 
wherein at least one of the instructions of causing the 
computer to convert the halftone dot pattern of the first 
background image into the continuous tone and causing the 
computer to convert the halftone dot pattern of the Second 
background image into the continuous tone comprises the 
instructions of: 

causing the computer to Set a window having a predeter 
mined size to a corresponding one of the first and 
Second background images, and 
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causing the computer to Set an average value of color in 
each window to pixels in the window and thereby 
converting the halftone dot pattern into the continuous 
tone. 

43. The image processing program as claimed in claim 41, 
wherein in the instruction of causing the computer to Set the 
average value of color in each window to the pixels in the 
window, a first run Segmenting a line along a first direction 
in the window is Set So as to obtain an average value of color 
for each first run, a Second run Segmenting a line along a 
Second direction orthogonal to the first direction in the 
window is Set So as to obtain an average value of color for 
each Second run, and thereby the average value of color in 
the window is obtained. 

44. The image processing program as claimed in claim 42, 
wherein in the instruction of causing the computer to Set the 
average value of color in each window to the pixels in the 
window, a first run Segmenting a line along a first direction 
in the window is Set So as to obtain an average value of color 
for each first run, a Second run Segmenting a line along a 
Second direction orthogonal to the first direction in the 
window is Set So as to obtain an average value of color for 
each Second run, and thereby the average value of the color 
in the window is obtained. 

45. The image processing program as claimed in claim 42, 
wherein at least one of the instructions of causing the 
computer to convert the halftone dot pattern of the fist 
background image into the continuous tone and causing the 
computer to convert the halftone dot pattern of the Second 
background image into the continuous tone comprises the 
instructions of: 

causing the computer to detect an edge from a corre 
sponding one of the first and Second background 
images Subjected to a continuous tone conversion pro 
ceSS of converting the halftone dot pattern of the one of 
the extracted first and Second background images into 
the continuous tone, 

causing the computer to compare the detected edge with 
an edge of the one of the first and Second background 
images before the continuous tone conversion proceSS 
and determine whether or not the detected edge exists 
in the one of the first and Second background images 
before the continuous tone conversion process, and 

causing the computer to perform the continuous tone 
conversion proceSS again on Surroundings of the 
detected edge when, as a result of the comparison and 
the determination, it is determined that the detected 
edge does not exist in the one of the first and Second 
background image before the continuous tone conver 
Sion process. 
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46. The image processing program as claimed in claim 45, 
wherein in the instruction of causing the computer to com 
pare the detected edge with the edge of the one of the first 
and Second background images, for each pixel, a difference 
between an edge Strength of the background image before 
the continuous tone conversion process and an edge Strength 
calculated in the instruction of causing the computer to 
detect the edge from the corresponding one of the first and 
Second background images is obtained through Subtracting 
the edge Strength of the background image from the calcu 
lated edge Strength and, when the difference is equal to or 
more than a predetermined threshold value, it is determined 
that the detected edge does not exist in the one of the first 
and Second background images before the continuous tone 
conversion process. 

47. The image processing program as claimed in claim 45, 
wherein in the instruction of causing the computer to per 
form the continuous tone conversion process again, a size of 
the window Set in the instruction of Setting the window is Set 
Smaller than the size in the previous continuous tone con 
version process. 

48. The image processing program as claimed in claim 46, 
wherein in the instruction of causing the computer to per 
form the continuous tone conversion process again, a size of 
the window Set in the instruction of Setting the window is Set 
Smaller than the size in the previous continuous tone con 
version process. 

49. A processor-readable Storage medium Storing an 
image processing program interpreted by a computer, Said 
image processing program comprising the instructions of: 

causing the computer to generate a reduced image having 
a lower resolution than that of an original image, the 
original image being a digital image; 

causing the computer to distinctly extract a first fore 
ground image and a first background image from the 
reduced image; 

causing the computer to convert, into a continuous tone, 
a halftone dot pattern of the first background image 
extracted from the reduced image; and 

causing the computer to combine the first background 
image of which first background image the halftone dot 
pattern is converted into the continuous tone by the 
instruction of causing the computer to convert the 
halftone dot pattern into the continuous tone and an 
image based on the first foreground image extracted by 
the instruction of causing the computer to distinctly 
extract the first foreground image and the first back 
ground image. 


